The Sundarbans -the world's largest single block of tidal halophytic mangrove forest situated at the southwest of Bangladesh, plays a vital role in maintaining environmental sustainability of the country and the world in general. This study identified and quantified the extent and degree of damage caused to the floristic diversity of the Sundarbans by the tropical cyclone Sidr in 15 November 2007. It also quantified the extent and rate of the post-cyclone regeneration in the damaged flora. Unsupervised classification -ISODATA and the normalized difference vegetation index (NDVI) were carried out over a temporal series of 2007-2010 on four Landsat 7 Enhanced Thematic Mapper Plus (ETM +) images for the months of February. Land change analysis from the classification results show that three important floristic taxa -Heritiera fomes (Sundari), Excoecaria agallocha (Gewa) and Sonneratia apetala (Kewra) have been significantly affected by the cyclone. NDVI analysis indicates that 45% area of the Bangladesh's part of the Sundarbans (approximately 2500 sq.km) was affected due to the cyclone action. Results further indicated that the average rate of post-cyclone floristic growth in 2009-2010 is four times higher than the average rate in [2008][2009]. Thus the study identified a temporary loss of the diversity (in terms of relative abundance) in the affected three floristic taxa of the Sundarbans after that severe exogenous perturbation; which took three years to regenerate. Moreover, it showed the higher efficiency and promptness of remote sensing techniques in similar cases than the ground data based studies.
Introduction
The biodiversity and its conservation have been established as the primary indicators of environmental sustainability (Kates et al., 2001) , whereas the assessment of biomass and floristic diversity in tropical forests has been identified as a priority by many international organizations (Stork et al., 1997) . Research concerned with monitoring environmental resources have shown the advantages of using remote sensing for studying environmental sustainability (Eastman & Fulk, 1993; Fensholt et al., 2009; Foody, 2003; Galford et al., 2008; Rogan & Chen, 2004; Skidmore et al., 1997) . It is an emerging issue that how the remote sensing technique can be best applied to identify patterns of floristic diversity on the Earth's surface and to detect changes in them over time (Brink & Eva, 2009; Wood et al., 2002) . Remote sensing has been efficiently used in forest cover mapping (Chuvieco & Congalton, 1989) , biomass and floristic diversity prediction (Gibbs et al., 2007) along with the estimation of potential impacts of severe exogenous perturbation (Dahdouh-Guebas, 2002 ). Remote sensing is applicable for detecting changes in the composition and distribution of flora in a forest that has experienced the impact of exogenous perturbation such as droughts, cyclones, wind, floods, rain erosion, etc., as well as of man-made encroachment (Fuller, 2006; Mumby et al., 1999) .
Tropical cyclones have devastating impacts on the floristic diversity pattern of tropical mangrove forests; sometimes it takes a significant amount of time for the forest to regenerate which influences the environmental sustainability of the area (Elsner et al., 2008) . They can cause temporary or permanent absence in the number and relative abundance of particular floristic taxa. Baldwin et al. (2001) state that the time required for the regeneration of mangrove forests following cyclones depends on the different pathways. The pathways are This study identifies the degree of damage and quantifies the extent of damage of the floristic diversity of the Sundarbans caused by the tropical cyclone Sidr in 15 November 2007 applying remote sensing techniques. The rate and extent of post-cyclone regeneration have also been quantified. This study aims at three objectives: (i) to identify the changes in the floristic pattern of the Sundarbans, in the preceding and following periods of the tropical cyclone Sidr; (ii) to identify specific floristic damage caused within the catchment extent of cyclone trajectory and their regeneration until year 2010; and (iii) to identify the relevance of the study results when comparing to previous ground data based studies about the Sidr effect on the Sundarbans (CEGIS, 2007; Hasegawa, 2010; Hossain & Begum, 2011; Paul & Dutt, 2010; Paul, 2009; Shamsuddoha & Chowdhury, 2007) .
The Sundarbans and the Sidr Cyclone
The Sundarbans is the largest single block of tidal halophytic mangrove forest in the world. The forest lies to the vast delta on the Bay of Bengal formed by the confluence of the Ganges, Brahmaputra and Meghna rivers across Bangladesh and West Bengal, India (Figure 1(a) ) (Iftekhar & Islam, 2004) . The seasonally-flooded Sundarbans' freshwater swamp forests lie inland from the mangrove forests on the coastal fringe. The mangrove forest covers 10,000 sq. km. in total, of which about 6,000 sq.km. is in Bangladesh. It has been inscribed as a UNESCO world heritage site in 1997 (Gopal & Chauhan, 2006) . The Sundarbans is intersected by a complex network of tidal waterways, mudflats and small islands of salt-tolerant mangrove forests (Figure 1(a) ). The dominant mangrove floristic taxon Heritiera fomes, locally known as Sundri or Sundari, is the floristic taxon for which the Sundarbans is thought to be named. It has a thick canopy and the undergrowth is mainly composed of seedlings of mangrove trees. The mangrove forest is made up of the diverse floristic taxa that grow in saline coastal soils of tropical and subtropical areas. The mangrove taxa that build up this forest's floristic diversity include Avicennia spp., Xylocarpus mekongensis, Xylocarpus granatum, Sonneratia apetala, Bruguiera gymnorrhiza, Cereops decandra, Aegiceras corniculatum, Rhizophora mucronata, and Nypa fruticans palms (Komiyamaa et al., 2008) . The area is also renowned for the eponymous Royal Bengal Tiger (Panthera tigris tigris), as well as for other numerous fauna including species of birds, spotted deer, crocodiles and snakes (Chaudhuri et al., 1994) .
The southern coastal region of Bangladesh is one of the most frequently affected regions by tropical cyclones. The potential periods for the occurrence of cyclones are the pre-monsoon and post-monsoon (April-May, November-December). The most important recent tropical cyclone that hit the coast of Bangladesh in 2007 is called 'Sidr' and it made landfall on 15th of November with peaking wind speed of over 220 km/h. It resulted in an estimated 4000 human deaths and the displacement of over 3 million people (US Embassy Dhaka, 2007) . The most significant devastating impact it left behind is on the diversity of flora of the Sundarbans. One quarter of the biomass cover (which is approximately 2500 sq. km) of the Sundarbans mangrove forest was damaged by the storm directly or indirectly due to the tidal surge (CEGIS, 2007) . In Figure 1 (b) the trajectory of the cyclone is shown, where the red line represents the changing location of the eye of the storm. Since the eastern part of the Sundarbans has largely been affected by the cyclone Sidr because of the proximity to the cyclone trajectory, the study area has been selected accordingly. The study area is located in the south-westernmost part of Bangladesh, adjacent to the Indian border (Figure 1 ). 
Materials and Methodology

Satellite Data
The satellite images used in this study are from Landsat 7 ETM +. Two scenes from Landsat 7 ETM + are required to cover the Bangladesh's part of the Sundarbans mangrove forest. 
Image Pre-processing
The Landsat 7 ETM+ images used in this study have a serious detector response error of periodic line dropout. Mask bands corresponding to each of the bands are used to minimize this error. The mask bands are combined during the production of the multi-band images and, the images with minimized periodic line dropout error, are used for further analysis. Contrast stretching with histogram equalization is applied to each image for radiometric enhancement (Conghe, 2001 ).
Unsupervised Classification
An unsupervised classification is carried out for each of the orthorectified images to distinguish among different groups (clusters) of floristic taxa of the study area in different years; thus to identify which types were more affected by the cyclone and which of them regenerated faster. It is not possible to distinguish between every single taxonomic type of flora with the available spectral resolution of the satellite images. The satellite image quality and the problem of periodic line drops also affected the identification of taxonomic types in detail. The vegetation map (Mohaiman et al., 2002) of the Sundarbans provided by the Forest Department of Bangladesh is used as an auxiliary dataset to create the clusters.
ERDAS IMAGE ® 9.1 (ICPHG, 2012) is used to run the unsupervised classification algorithm -Iterative Self-Organizing Data Analysis Technique (ISODATA). This technique is based on the k-means algorithm, which minimizes the variability within clusters of pixels (Yale University, 2010) . The basic function of performing the classification is as equation (1): (1) where, SS distances -stands for the square distance (error) between each pixel and its assigned cluster centre,
x -is the position of the centre of each pixel, C(x) -is the position of the cluster centre of the pixel x.
The value to be minimized is the sum of squared distances between each pixel and its assigned cluster centre. After assigning a random initial cluster vector, pixels are classified to the closest cluster. Six iterations are used in this process so that the variability within the cluster becomes smaller and less pixels change with every following iteration. Since the auxiliary dataset used for the process provides 17 classes of floristic taxa of the Sundarbans and one class for water body, the number of classes of the pixels with different spectral signatures to be resulted by ISODATA process is set to 20. The resulted classified imageries are then clustered based on homogeneity to five classes because five identical clusters can be distinguished from Mohaiman et al. (2002) . This process is carried out with all the four images of the four different years and thus four classified images of the four different years are produced for further analyses of damage and regeneration (Figure 2 ).
Normalized Difference Vegetation Index (NDVI)
NDVI is a calculation, based on several spectral bands, of the photosynthetic output of a pixel in a satellite image (Rouse et al., 1973 NDVI calculations are based on the principle that actively growing green plants strongly absorb radiation in the visible region of the spectrum (the 'PAR' or 'Photosynthetically Active Radiation') while strongly reflecting radiation in the Near Infrared (NIR) region. The concept of vegetative 'spectral signatures (patterns)' is based on this principle. In this study, the modification are made by using only the Red image band instead of the whole range of PAR because of the available spectral resolution of the satellite images. Thus, the NDVI is calculated by equation (2).
This formula yields a value that ranges from -1 (usually water) to +1 (strongest vegetative growth). ArcGIS 9.3.1 (ESRI, 2012) has been used with the NDVI calculator tool to calculate the NDVI value of each pixel of the orthorectified images. Since band 4 represents the NIR band and band 3 represents the Red band in Landsat 7 ETM+, these two bands are used to calculate the NDVI. 
Analyses of Damage and Regeneration
Descriptive statistics (Oja, 1983 ) is applied to calculate the degree and extent of damage and rate of regeneration in the preceding and following periods of the cyclone Sidr. The frequency distributions of the pixels under different taxonomic clusters for unsupervised classified images, and under different NDVI value groups in the images are analyzed. The corresponding numbers of pixels for the taxonomic clusters and NDVI groups are multiplied by the spatial resolution (30 m) of the pixels to calculate the covered area under each taxonomic cluster and each NDVI group. Thus the calculated areas of different taxonomic clusters and different NDVI groups from the images of the four different years are compared to find out the extent and degree of damage and the regeneration. The changes in the regenerated area are also computed to find out the rate of regeneration in each year.
Accuracy Assessment
Accuracy is considered to be the degree of closeness of results to the values accepted as true reference. Accuracy assessment technique allows for measures to describe the accuracy of the classified images with respect to the reference images. The procedure includes four major steps -collecting reference data which is considered as 'ground truth', determining class types at specific locations, comparing reference to classified map and evaluating whether class type on classified map is conformal to the class type determined from reference data (Khorram et al., 1999) . Some recognized sources of reference dataset are aerial photo, ground truth with Global Positioning System (GPS) and Geographic Information Systems (GIS) layers etc. The vegetation map of the Sundarbans (Mohaiman et al., 2002 ) is the only ground truth reference available for the accuracy assessment of the classified and NDVI images. Generally, a confusion matrix (Story & Congalton, 1986 ) is prepared to represent the number of pixels classified as a particular landuse or vegetation type in a classified image and number of pixels assigned to that particular landuse or vegetation type in light of the reference database. It also contains the information about the number of pixels that are classified accordingly to the reference dataset and the number of pixels that are classified otherwise. Three different primary accuracies are calculated to quantify the assessment -Overall Accuracy, Producer Accuracy and User Accuracy (Janssen & Van der Wel, 1994) . The overall accuracy is calculated by dividing number of correct pixels with total number of pixels; but since this summary value is an average and does not reveal if error was evenly distributed between classes or if some classes were really bad and some were really good, producer accuracy and user accuracy are calculated. Producer accuracy corresponds to error of omission (exclusion), which is calculated by dividing number of correctly identified pixels in the classified image of a given class by number actually in that reference class. On the other hand, user accuracy corresponds to error of commission (inclusion) which is calculated by dividing number correctly identified in a classified image by number claimed to be in that class of the image. These three accuracy measures provide with the primary accuracy of the classified image and thus reflect the quality of the observation and analysis using the image (Liu et al., 2007) .
For the preparation of the confusion matrices, 50 sample pixels are set with the same locations in the classified images and in the reference maps. The spectral signatures for each pixel of the classified images and reference maps are compared and the confusion matrix is prepared. Pixel information in the rows corresponds to that of the reference map and the columns show the pixel information that resulted from the unsupervised classification and NDVI calculation.
Results
Unsupervised Classification
From the classified image of February 2007 (Figure 2 ), a clear distinction is visible between the areas of the two main taxonomic clusters of flora when compared to Mohaiman et al. (2002) . On one hand, floristic taxon cluster 1, which mainly consists of Passur (Xylocarpus menkongensis), Goran (Ceripos tegal) and Baen (Avicennia marina L.), covers the western part of the Sundarbans. On the other hand, floristic taxon cluster 2, which consists mainly of Sundari (Heritiera fomes), Gewa (Excoecaria agallocha) and Kewra (Sonneratia apetala), covers the eastern part of the Sundarbans. Since the trajectory of cyclone Sidr passed through the eastern part of the Sundarbans, cluster 2 is likely to be affected by the cyclone landfall. The fallow land and other vegetation are evenly distributed in the Sundarbans area but most of them also covered the area near the cyclone trajectory.
The classified image of 2008 (Figure 2 ), shows the expected result -a significant decrease in cluster 2 in the eastern part of the Sundarbans dominantly in the catchments of the cyclone trajectory. The spectral signature of cluster 2 of this area from the classified image of February 2007 is replaced by the spectral signature of fallow land. Though this signature is obtainable from the areas corrected from periodic line drops, it is not taken into account since the result could be misleading. The spectral signature of other floristic taxa from 2007 of the area near the cyclone trajectory is also replaced by the signature of fallow land. So, from the primary analysis, it can be stated that cluster 2 is the most affected floristic taxon cluster by the cyclone Sidr, i.e floristic speciesSundari, Gewa and Kewra are mostly damaged by the cyclone Sidr.
On the other hand, there is a growth of spectral signature of cluster 1 in the western part of the Sundarbans from February 2007 to February 2008. It is not possible to comment on this observation concretely because of the available spectral resolution of the image, but in light of Mohaiman et al. (2002) , the classified image of February 2007 does not reflect cluster 1 in the western part to the full extent. It is most likely that those species of cluster 1 experience a high growth rate and are not affected by cyclone Sidr, and eventually grow to its full extent. The ground data based studies (Hasegawa, 2010; Shamsuddoha & Chowdhury, 2007) result in conformal observation.
The classified image of 2009 ( Figure 2 ) shows a comeback of the cluster 2 in the eastern part of the Sundarbans which is clearly an indicator of regeneration process which had started after the cyclone landfall. In contrary, the spectral signature of cluster 1 almost disappears from the classified image of February 2009. Again, the spectral resolution of the image is not adequate to discuss the reason, but Hossain and Begum (2011) mentioned some activities of the local 'wood pirates' and eventual destruction of the species of cluster 1. The source of their information is local interviews. Additionally, Landsat imageries generally absorb the canopy signature from a forest and there is a significant effect of the natural phenomenon like precipitation on the canopy health. Thus, the piracy explains the result to some extent but there should be other reasons which are subject to future studies. To quantify the degree and extent of damage of a particular vegetation type due to cyclone Sidr, the descriptive statistical analysis is performed on the pixels derived from Figure 2 . Figure 3 shows the frequency distribution of the pixels of the unsupervised classified images of four different years with the changing ratios between the pixel coverage of land cover types of the study area between 2007 and 2010. In the classified image of 2007, there is the dominating pixel coverage (almost count 2,200,000) of the cluster 2. But in the images of 2008, there is a significant decrease in this particular pixel coverage (almost count 400,000), and an increase in fallow land pixel coverage (from almost count 600,000 to around count 1,400,000), which clearly represents the damage caused 2013 68 by the cyclone. Moreover, the flourishing cluster 1 is also represented by the corresponding pixel coverage change (from around count 800,000 to count 2,100,000). Also the other floristic taxa decreased from around count 200,000 to count 100,000 in between 2007 and 2008. The frequency distribution of the classified image pixel coverage (Figure 3 ) of 2009 and 2010 represents the regeneration of the Sundarbans flora after the cyclone. In 2009, the pixel coverage of the affected cluster 2 is dominantly increased (to almost count 2,600,000) and the fallow land pixel coverage decreased (to around count 600,000). And in 2010, the distribution of the pixel coverage of different vegetation types appears to be very similar to the one of 2007. There is a regeneration of the cluster 1 which is also visible (from around count 450,000 to almost count 1,200,000). This represents the complete regeneration of the Sundarbans flora from the cyclone damage. The area coverage of the different floristic types of the Sundarbans during the pre and post cyclone period is presented in Figure 4 . In light of the results presented before, the decrease in the area covered by the cluster 2 and other floristic taxa from 2007 to 2008 mainly represents the extent of damage caused by cyclone Sidr to the Sundarbans floristic diversity. The decrease in the extent of the cluster 2 is 1620 sq. The degree of damage cannot be identified from unsupervised classification, consequently the study lead to the NDVI analysis to quantify the degree of damage with a precise extent of damage. Moreover, quantifying the rate and extent of regeneration is also difficult from the unsupervised classification, because it does not reflect the floristic health. But it can be identified that by 2010, the mangrove forest is recovered from the cyclone damage and specifically the damage in the floristic taxon cluster 2 is recovered by 2009. 
NDVI Analyses
The calculated NDVI images of four different years ( (Figure 6 ), it is apparent that the number of pixels with the NVDI value of 0.24-0.29 are drastically decreased (from count 1,600,000 to count 850,000) from 2007 to 2008 which is compensated by the increase in the NDVI value classes of 0-0.08 (from count 400,000 to 2,150,000) and 0.08-0.16 (from count 825,000 to count 1,000,000). Pixels with the value 0.29-0.34 are also drastically decreased (from count 1,400,000 to almost count 800,000) because of the cyclone effect. In a nutshell, the number of pixels with low NDVI values is increased from 2007 to 2008 while the number of pixels with high NDVI values is decreased especially in the cyclone trajectory catchment areas, which represents the extent of damage due to the cyclone. The increase and decrease in the area coverage of different NDVI value in the pre and post cyclone period are presented in Table 1 . In the post-cyclone period, the area coverage of the NDVI value range of 0.24-0.34, which is basically covering the catchments of the cyclone trajectory in the pre-cyclone period, decreases by 1200 sq.km. Basically, from Figure 7 , it is clear that there is a simultaneous increase in the coverage of this particular NDVI value range in the western part of the Sundarbans in 2008, which is not affected by the cyclone.
The decrease in the area coverage of the NDVI range represents the gross decrease in the area coverage of this particular NDVI range (Table 1) (Table 1) , whereas the damaged area with 0.29-0.34 NDVI coverage is regenerated to the full extent (Table 1 and The degree of cyclone damage can neither be identified concretely from the NDVI analysis; it represents the change in the health of the leaves over time based on their photosynthetic accitvities. But a tree being without leaves and consequent low NDVI value do not represent the degree of its damage; it is subject to further hyperspectral remote sensing analysis. The replacement of the floristic taxon cluster 1 by the fallow land in 2008 ( Figure 6 ) according to the unsupervised classification and the replacement of the NDVI value range of 0.24-0.34 by the less healthy NDVI value range of 0-0.08 ( Figure 6 ) may represent the complete destruction of the floristic taxon cluster 1 in the catchments of the cyclone trajectory. But this is impossible since mangrove is slow growing vegetation (Baldwin et al., 2001; Komiyamaa et al., 2008; Smith, 1998) and most of the mangrove seedlings need at least 10 years to be matured. Therefore, a complete destruction of floristic taxon cluster 1 and its regeneration within 1 year (by 2009) is merely impossible. Ground data based studies (Hossain & Begum, 2011) claim that at least 1 tree per 100 sq.m. is broken or uprooted by the cyclone Sidr. Comparing the result of our study to this study represents that there is no complete destruction of any floristic taxon type due to cyclone Sidr but the damage is significant. In light of the studies of the cyclone effect on other mangroves (Nayak et al., www.ccsenet 2013 72 2001), it can be concluded that most of the mangrove tress shed their leaves due to the cyclone Sidr. Some of them are uprooted but the nature was able to recover the total damage in 1 year. 
Accuracy Assessment
Accuracy assessment is performed according to the process described in the methodology section (section 3.6) and the results are presented in Table 2 -5. The accuracy of the obtained results according to the scope of this study is satisfactory; the majority of the classified pixels represent the same spectral signature as of the reference dataset according to the confusion matrices (Table 2 and Table 3 ). The overall accuracy obtained from the confusion matrices of the unsupervised-classified and NDVI images of the study area are 76 % and 88%, respectively, which is an acceptable accuracy of the image classification (Tables 4 and 5 ). The confusion matrix for the unsupervised classification (Table 2) represents a low producer's accuracy (50%) for floristic taxon cluster 1 (Table 4 ). The user's accuracy of the floristic taxon cluster 2 is also low (68%). It is important to mention that in unsupervised classification, the floristic taxon cluster 1 has often been classified as the floristic taxon cluster 2 and vice versa. The lower accuracies may result from this phenomenon which is highly likely for the available spectral resolution of the image. On the other hand, the confusion matrix of NDVI (Table 3) determines 100% user accuracy for fallow land and water and 100% producer accuracy for the Sundarbans vegetation (Table 5 ). The accuracy results for the other landuse types are also satisfactory. This means the omission and commission errors have been minimized in NDVI images, which implies that the quantification of the extent of the damage and rate of regeneration from the NDVI image analysis should be satisfactorily accurate. 
Discussion
In light of the accuracy, the extent of the damage of the Sundarbans vegetation can be anchored to 2500 sq.km.
(according to NDVI analysis) from this study though the resulted extent of damage from the unsupervised classification is somehow lower (1728 sq.km.). This result is also supported by the ground data based studies (CEGIS, 2007; Hasegawa, 2010; Hossain & Begum, 2011; Paul & Dutt, 2010) . On the contrary, the affected vegetation types are only identifiable from the unsupervised classification: Sundari (Heritiera fomes), Gewa (Excoecaria agallocha) and Kewra (Sonneratia apetala). Sundari is the most important floristic taxon of the Sundarbans and therefore the cyclone has a major impact on the degradation of the floristic diversity of the forest. The species in the floristic taxon cluster 1, which grew in the cylone catchment area are also affected, but the analysis could not identify them. The degree of the damage is identifiable neither by the unsupervised classification nor by the NDVI analysis, but the time required for the initial regeneration is1year (according to the temporal resolution of the images). In addition, the average vegetation growth rate is resulted to be four times higher during 2009-2010 than the one during 2008-2009 from the analysis of the general health of the biomass.
The extent of cyclone damage and average rate of vegetative growth are quantified basically from the NDVI analysis. Therefore precipitation in the wet seasons of these years of the Sundarbans area should also be taken into account because the amount of precipitation influences the spectral reflectance of the leaves and corresponding NDVI results (Julien et al., 2011) 
Final Remarks
This study has quantified the extent of cyclone Sidr damage of the Sundarbans applying remote sensing techniques on freely and quickly available Landsat imageries. On one hand, it is true that ground data based studies are more accurate but they require more time, human and logistic resources. This study has provided realistic results that other ground data based studies took several years to obtain. It is shown that the extent of the cyclone Sidr damage, which is 2500 sq.km., could already been obtained in 2008 using this analysis; which has been published by the ground data based studies in 2011. Therefore these methods can be applied in case of emergency decision making about the mangrove forests after the cyclone. Parallely, this study can be used for primary analysis of the extent of damage and detailed ground data based analysis can be in further carried out on the specific locations that turn out to be significant from the primary analysis. Eventually it will save a lot of time and resources and foster the recovery endeavors. On the other hand, sensors with high spatial, spectral and temporal resolution, e.g. Quickbird and their imageries may result in more specific and detailed damage and regeneration analyses but they are hardly available for the countries like Bangladesh due to techno-economic reasons. The Landsat ETM+ has some serious errors like the periodic line drop error experienced in this study, but it provides with the imageries with satisfactory spatial, temporal and spectral resolution, which are highly applicable in disaster management and floristic diversity analyses after minimizing these errors.
The periodic line drop error could not be ignored even after the image-preprocessing. In unsupervised classification, the edges of the scan lines especially have seemed to be assigned a class that is different from the adjacent whole above and below, which is very unlikely according to the ground truth. Further, results of the clustering of floristic taxon types from classified image have been prone to subjectivity. It would be more appropriate if more updated ground truth data were available as auxiliary dataset. The uncertainty of the frequency distribution of the pixels is also significant due to the inherent limitations of the sensor. The images are not acquired exactly at the same location. There is a deviation in the number of 'nodata' pixels in every year, thus the other pixels should follow the same.
Nevertheless the average rate of growth of the affected vegetation types resulted from the analysis corresponds with the characteristics of the species; Sundari, Gewa and Kewra experience slow growth rate in the primary stage of regeneration but the growth is very fast at the later stages (Hussain & Ahmed, 1994) . Though the number of reference points (50) collected for the accuracy assessment could be increased, the accuracy of the results is coherent with the reference dataset and an unbiased and sparse distribution of the reference points have been performed. Therefore, it could be concluded that although cyclone Sidr has brought significant damage to the floristic diversity of the world's largest mangrove forest, it has regenerated to a satisfactory condition in a very short period of time.
It has been proclaimed that neither the unsupervised classification nor the NDVI analysis of the imageries could quantify the degree of damage by the cyclone Sidr. But the time required by particular floristic types for satisfactory regeneration has been identified from this analysis. Thus the degree of regeneration can be subjected to further floristic studies, i.e., which is the damage state of the particular floristic type that can be regenerated in the resulted recovery time? And last but not the least; such approaches can be applicable in monitoring the floristic growth of the Sundarbans mangrove forest, which lacks intensive studies because of the techno-economic reasons. Finally, in light of this study, the cyclone Sidr has caused a temporary loss of floristic diversity to the Sundarbans mangrove forest for three years since the relative abundance of the three floristic taxa -Sundari, Gewa and Kewra has been temporarily decreased after that exogenous perturbation. This study's results will provide with the base for further long-term studies on this world's largest mangrove forest.
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